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(54) Phase synchronization system 

(57) A phase synchronization system includes, in 
addition to a phase comparator (1) and a phase syn- 
chronization circuit (4) which includes a low-pass filter 
(2) and a voltage-controlled oscillation circuit (3), a clock 
detection circuit (5) for detecting the clock signal from 
the outside, a phase coincidence discrimination circuit 
(6) for discriminating a phase coincidence condition at 
the phase synchronization circuit (4) t an AND gate (7), 
and a stop/start control circuit (10) including a pair of 
flip-flop circuits (8 and 9). When an input of the clock 
signal (101) from the outside stops, oscillation of the 



FIG. 1 



voltage-controlled oscillation circuit (3) is stopped with 
control information from the stop/start control circuit 
(10). When the input of the clock signal (101) is 
resumed, a phase synchronization signal by the oscilla- 
tion of the voltage-controlled oscillation circuit (3) is out- 
putted to the outside via the AND gate (7) in the 
stop/start control circuit (10) after phase coincidence is 
discriminated by the phase coincidence discrimination 
circuit (6). 
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Description 

This invention relates to a phase synchronization 
system which produces and outputs a phase synchroni- 
zation signal synchronized with a phase reference sig- 5 
nal inputted thereto. 

A phase synchronization circuit typically has such a 
construction as shown in FIG. 3. Referring to FIG. 3, the 
phase synchronization circuit shown receives a clock 
signal as a phase reference signal inputted thereto from w 
the outside and produces and outputs a clock signal 
synchronized in phase with the clock signal as a phase 
reference signal. To this end, the phase synchronization 
circuit generally denoted at 4 includes a phase compa- 
rator 1, a low-pass filter (hereinafter referred to simply 15 
as LPF) 2, and a voltage-controlled oscillation circuit 
(hereinafter referred to simply as VCO) 3. A clock signal 
101 from the outside is inputted to the phase compara- 
tor 1 , by which it is compared in phase with a clock sig- 
nal 105 outputted from the VCO 3. The phase 20 
comparator 1 outputs information of a phase "lead" 
when the phase of the clock signal 105 leads the phase 
of the clock signal 101, but outputs information of a 
phase "lag" when the phase of the clock signal 105 lags 
the phase of the clock signal 101, as phase comparison 25 
information 102 to the LPF 2. The LPF 2 removes high 
frequency components from the phase comparison 
information 102 and outputs a resulting signal as phase 
error information 103 to the VCO 3. The VCO 3 has an 
oscillation frequency which is controlled with the voltage 30 
level of the phase error information 103 outputted from 
the LPF 2 t and consequently, the phase of the clock sig- 
nal 105 outputted from the VCO 3 is controlled with the 
phase error information 103. The clock signal 105 is fed 
back to the phase comparator 1 as described above so 35 
that phase comparison between the the clock signal 
101 and the clock signal 105 is performed by the phase 
comparator 1 as described above. By negatively feeding 
back the phase information of the clock signal 1 05 to be 
outputted to the outside to form a phase synchroniza- 40 
Won system in this manner, the clock signal 105 is pro- 
duced and outputted as a clock signal which is 
synchronized in phase with the clock signal 101 input- 
ted from the outside. 

In the phase synchronization circuit described 45 
above, normally if the frequency characteristic of the 
VCO 3 is set to a wide range, the phase synchronization 
circuit is liable to be influenced by noise. Therefore, the 
lower limit to the oscillation frequency of the VCO 3 is 
restricted. Consequently, even if, in order to stop oscilla- so 
tion of the VCO 3, the input of the clock signal 101 input- 
ted from the outside is stopped so that the oscillation of 
the VCO 3 may be stopped while a power supply volt- 
age remains applied to the phase synchronization cir- 
cuit 4, the oscillation of the VCO 3 continues with the 55 
lower limit frequency and cannot be stopped. 

Accordingly, the phase synchronization circuit 
described above is disadvantageous in that, where it is 
applied to a phase synchronization system which is 



formed from a circuit which consumes power only by 
switching of a signal such as a CMOS circuit, power 
consumption of the circuit cannot be stopped fully only 
by the measure to stop the input of the clock signal 101. 

On the other hand, upon transition from a condition 
wherein the input of the clock signal 101 remains 
stopped to another condition wherein the VCO 3 oscil- 
lates again, the clock signal 105 is outputted from the 
phase synchronization circuit 4 before the condition of 
the phase synchronization circuit 4 in oscillation fre- 
quency and phase becomes stable. Consequently, the 
clock signal 105 in this instance is superposed with a 
high frequency pulse signal of noise. Consequently, the 
phase synchronization circuit is disadvantageous also 
in that a circuit to which such a dock signal 105 as Just 
described is supplied is likely to malfunction. 

It is an object of the present invention to provide a 
phase synchronization system wherein, when an input 
of a phase reference signal from the outside stops, 
oscillation of a voltage controlled oscillator stops while a 
power supply voltage remains supplied to achieve 
reduction in power consumption. 

It is another object of the present invention to pro- 
vide a phase synchronization system which produces 
and outputs a synchronization signal from which high 
frequency pulse noise signals generated by a voltage 
controlled oscillator are removed thereby to eliminate an 
otherwise possible malfunction of a circuit to which the 
synchronization signal is supplied. 

In order to attain the objects described above, 
according to the present invention, there is provided a 
phase synchronization system, comprising a phase 
synchronization section including a phase comparator, 
a low-pass filter and a voltage-controlled oscillation cir- 
cuit, the phase comparator comparing a phase of .a 
phase reference signal inputted thereto from the outside 
with a phase of a phase synchronization signal fed back 
from the voltage-controlled oscillation circuit, the low- 
pass filter removing high frequency components of 
phase comparison information outputted from the 
phase comparator, an oscillation frequency of the volt- 
age-controlled oscillation circuit being controlled with a 
phase difference signal outputted from the low-pass fil- 
ter so that the voltage-controlled oscillation circuit oscil- 
lates and outputs the phase synchronization signal, an 
input signal detection section for detecting whether or 
not the phase reference signal is inputted to the phase 
synchronization section and outputting input signal 
detection information of a first level, a phase coinci- 
dence discrimination section for receiving, when an 
input of the phase reference signal is detected by the 
input signal detection section, the phase comparison 
information outputted from the phase comparator of the 
phase synchronization section, discriminating whether 
or not a phase error at the phase synchronization sec- 
tion satisfies an allowable phase coincidence require- 
ment and outputting phase coincidence information of a 
second level when it is discriminated that the phase 
error satisfies the allowable phase coincidence require- 
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ment, and a voltage-controlled oscillation circuit 
stop/stop control section for receiving, when the input of 
the phase reference signal to the phase synchronization 
section stops, an input of the input signal detection 
information of the first level outputted from the input sig- 5 
nal detection section and outputting oscillation control 
signal for stopping the oscillation of the voltage-control- 
led oscillation circuit of the phase synchronization sec- 
tion and for receiving, when the phase reference signal 
is inputted to the phase synchronization section, the w 
phase synchronization signal outputted from the phase 
synchronization section and outputting the received 
phase synchronization signal as a modified phase syn- 
chronization signal, which does not include a pulse 
noise signal produced by the oscillation of the voltage- 15 
controlled oscillation circuit, in response to the input sig- 
nal detection information of the first level outputted from 
the input signal detection section and the phase coinci- 
dence information of the second level outputted from 
the phase coincidence discrimination section. 20 

The voltage-controlled oscillation circuit stop/stop 
control section may include a first flip-flop circuit for 
receiving an input of the phase synchronization signal 
outputted from the voltage-controlled oscillation circuit 
and an input of the input signal detection information of 25 
the first level outputted from the input signal detection 
section, generating stop/start control information for 
controlling the top/start of the oscillation of the voltage- 
controlled oscillation circuit and outputting the stop/start 
control information to the voltage-controlled oscillation 30 
circuit, a second flip-flop circuit for receiving the phase 
synchronization signal outputted from the voltage-con- 
trolled oscillation circuit and the phase coincidence 
information of the second level outputted from the 
phase coincidence discrimination section and produc- 35 
ing and outputting phase synchronization output control 
information, and an AND gate for logically ANDing the 
stop/start control information outputted from the first 
flip-flop circuit and the phase synchronization output 
control information outputted from the second flip-flop 40 
circuit 

The phase reference signal may be a clock signal 
or a pulse signal of a given period or may be a periodical 
signal of an arbitrary waveform. 

In the phase synchronisation system, when an 45 
input of a phase reference signal from the outside stops, 
oscillation of the voltage-controlled oscillation circuit 
can be stopped while a power supply voltage continues 
to be supplied. Consequently, the phase synchronisa- 
tion system is advantageous in that it can achieve so 
reduction in power consumption. On the other hand, 
when a phase reference signal from the outside is input- 
ted, the phase synchronisation system can produce and 
output a system clock signal from which high frequency 
pulse noise signals generated by the VCO have been ss 
removed. Consequently, the phase synchronization 
system is advantageous also in that a circuit to which 
the system clock signal is supplied is prevented from 
suffering from a malfunction which may be caused oth- 



erwise by the high frequency pulse noise signals. 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following description and the appended claims, 
taken in conjunction with the accompanying drawings in 
which like parts or elements are denoted by like refer- 
ence characters. 

FIG. 1 is a block diagram of a phase synchroniza- 
tion system showing a preferred embodiment of the 
present invention; 

FIG. 2 is a timing chart illustrating operation of the 
phase synchronization system of FIG. 1 ; and 
FIG. 3 is a block diagram showing a typical con- 
struction of a phase synchronization system. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring first to FIG. 1, there is shown a phase 
synchronization system to which the present invention 
is applied. The phase synchronization system shown 
produces and outputs a clock signal synchronized in 
phase with a clock signal inputted thereto as a phase 
reference signal from the outside similarly to the typical 
phase synchronization system described hereinabove 
with reference to FIG. 3. The present phase synchroni- 
zation system includes a phase comparator 1 . a phase 
synchronization circuit 4 including an LPF 2 and a VCO 
3, a clock detection circuit 5, a phase coincidence dis- 
crimination circuit 6, an AND gate 7, and a stop/start 
control circuit 10 including a pair of flip-flop circuits 8 
and 9. Operation of the phase synchronization system 
including those components is illustrated in FIG. 2. 

Referring to FIG. 1, in a condition wherein a clock 
signal 101 from the outside is inputted regularly to the 
phase synchronization system, it is inputted to the 
phase comparator 1 , by which it is compared in phase 
with a clock signal 105 outputted from the VCO 3, simi- 
larly as in the typical phase synchronization circuit 
described hereinabove with reference to FIG. 3. The 
phase comparator 1 outputs information of a phase 
"lead" when the clock signal 1 05 leads the clock signal 
101 in phase, but outputs information of a phase "lag" 
when the clock signal 105 lags the clock signal 101 in 
phase, as phase comparison information 1 02 to the LPF 
2. The LPF 2 removes high frequency components from 
the phase comparison information 102 and outputs 
resulting information as phase error information 103 to 
the VCO 3. The VCO 3 has an oscillation frequency 
controlled with the voltage level of the phase error infor- 
mation 103 outputted from the LPF 2, and conse- 
quently, the phase of the clock signal 105 to be 
outputted from the VCO 3 is controlled with the phase 
error information 103. 

The clock signal 105 is fed back to the phase com- 
parator 1 as descrfoed above so that it may be com- 
pared in phase with the clock signal 101 by the phase 
comparator 1 similarly as in the typical phase synchro- 
nization circuit described hereinabove. By negatively 
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feeding back the phase information of the clock signal 
105 to be outputted to the outside to form a phase syn- 
chronization system in this manner, the clock signal 105 
is produced as a clock signal synchronized in phase 
with the clock signal 101 inputted from the outside in 
response to a phase pull-in timing of the phase synchro- 
nization circuit 4. 

In the operation condition of the phase synchroni- 
sation system wherein it is in synchronism with the clock 
signal 101 inputted from the outside as described 
above, the phase comparison information 102 outputted 
from the phase comparator 1 is inputted to the phase 
coincidence discrimination circuit 6, in which the phase 
difference between the clock signal 101 and the clock 
signal 105 outputted from the VCO 3 is discriminated 
from the phase comparison information 102. If the 
phase of the clock signal 105 coincides with the phase 
of the clock signal 101 within a predetermined allow- 
ance, phase coincidence information 108 is outputted 
as a signal of a low ('V) level and inputted to the flip-flop 
circuit 9. The flip-flop circuit 9 outputs system clock con- 
trol information 109 of a high ("H H ) level from a negative 
data output terminal thereof in synchronism with a fall- 
ing edge of the phase coincidence information 108 of 
the "L" level inputted thereto. The system clock control 
information 109 is inputted to one of a pair of input ter- 
minals of the AND gate 7. Meanwhile, the clock signal 
105 outputted from the VCO 3 is inputted to the other 
input terminal of the AND gate 7. Consequently, the 
AND gate 7 logically ANDs the clock signal 101 and the 
system clock control information 109 of the "H" level and 
outputs a resulting signal as a system clock signal 
(modified phase synchronization signal) 106 to the out- 
side. 

Now, an operation function of the phase synchroni- 
zation system of detecting that an input of the dock sig- 
nal 101 from the outside and stopping oscillation of the 
VCO 3 will be described. The clock detection circuit 5 
has a function of discriminating whether or not there is 
an input of the clock signal 101, and outputs clock 
detection information 104 which has the "L" level when 
the clock signal 101 is being inputted, but has the "H" 
level when the input of the clock signal 101 stops. The 
clock detection information 104 is inputted to the flip- 
flop circuit 8. The flip-flop circuit 8 produces VCO con- 
trol information 107 in synchronism with a falling edge of 
the clock detection information 104 and inputs it to the 
VCO 3. 

Consequently, if the input of the clock signal 101 
stops, then the flip-flop circuit 8 receives an input of the 
clock detection information 104 of the "H" level output- 
ted from the clock detection circuit 5 and outputs the 
VCO control information 107 of the "H" level in synchro- 
nism with a falling edge of the clock detection informa- 
tion 104 to the VCO 3, and consequently, the oscillation 
of the VCO 3 is stopped. At the point of time when the 
oscillation of the VCO 3 stops, since the VCO control 
information 107 outputted from the flip-flop circuit 8 
remains in synchronism with the clock signal 105 out- 



putted from the VCO 3, pulse noise signals of frequen- 
cies higher than an upper limit frequency are not 
outputted in a superposed condition with the clock sig- 
nal 105. It is to be noted that, while the clock signal 101 

5 continues to be inputted, the VCO control information 
107 of the *V level is outputted in synchronism with a 
falling edge of the clock detection information 104 of the 
"L" level from a positive data output terminal of the flip- 
flop circuit 8 and inputted to the VCO 3, and conse- 

w quently, the oscillation of the VCO 3 continues. 

When an input of the clock signal 101 is resumed 
while the input of the clock signal 101 from the outside 
stops and the oscillation of the VCO 3 stops, the flip-flop 
circuit 8 receives an input of the clock detection informa- 

is tion 1 04 of the 'V level outputted from the clock detec- 
tion circuit 5 and is reset at a falling edge of the clock 
detection information 104. Consequently, the VCO con- 
trol information 107 is outputted as a signal of the 
level from the flip-flop circuit 8 and inputted to the VCO 

20 3. Consequently, the oscillation function of the VCO 3 is 
enabled again. Thereupon, there is the possibility that 
pulse noise signals of high frequencies higher than the 
upper limit oscillation frequency from the VCO 3 may be 
superposed with the clock signal 105 outputted from the 

25 VCO 3. However, since the system clock control infor- 
mation 109 outputted from the flip-flop circuit 9 changes 
its level to the "IT level and is inputted to the AND gate 
7 after the phase coincidence information 108 outputted 
from the phase coincidence discrimination circuit 6 

30 changes its level to the "L" level, that is, after coinci- 
dence of the phases is confirmed, the clock signal 105 
after the phase thereof becomes stable is outputted via 
the AND gate 7 to the outside as the system clock signal 

106 which is a modified phase synchronization signal 
35 containing no high frequency pulse noise signals. 

The information signals at several components of 
the phase synchronization system in the present 
embodiment when the phase synchronization system 
operates in such a manner as described above are illus- 

40 trated in FIG. 2. In particular, illustrated in FIG. 2 are the 
clock signal 101 from the outside (refer to the waveform 
(a)), the phase synchronization clock signal 105 output- 
ted from the VCO 3 (refer to the waveform (b)), the sys- 
tem clock signal 106 outputted from the AND gate 7 

45 (refer to the waveform (c)), the clock detection informa- 
tion 104 outputted from the clock detection circuit 5 
(refer to the waveform (d)), the VCO control information 

107 outputted from the flip-flop circuit 8 (refer to the 
waveform (e)), the phase coincidence information 108 

so outputted from the phase coincidence detection circuit 6 
(refer to the waveform (f)) and the system clock control 
information 109 outputted from the flip-flop circuit 9 
(refer to the waveform (g)) when the clock signal 101 is 
inputted from the outside and the phase synchroniza- 

55 tion system is in a phase synchronization condition, 
when the input of the clock signal 101 from the outside 
is stopped and the phase synchronization system is in a 
phase non -synchronization condition and then when the 
clock signal 101 is inputted from the outside again and 
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the phase synchronization system enters a phase syn- 
chronization condition again. 

Thus, in the phase synchronization system of the 
present embodiment, in a condition wherein an input of 
a clock signal from the outside stops, oscillation of the s 
VCO can be stopped, and a phase synchronization con- 
dition can be discriminated accurately. Consequently, 
high frequency pulse noise signals which may other- 
wise be superposed with a system clock signal can be 
eliminated completely, and an otherwise possible mal- io 
function of a circuit to which the system clock signal is 
supplied can be eliminated. 

It is to be noted that, while, in the foregoing descrip- 
tion, a clock signal is inputted as a reference phase sig- 
nal to be inputted from the outside, the phase relerence is 
signal to be inputted from the outside is not limited to 
such a clock signal as described above, and the present 
invention can naturally be applied effectively also to 
other phase synchronization systems to which a peri- 
odic signal in the form of pulses or a periodic signal of 20 
an arbitrary waveform is inputted as the phase refer- 
ence signal. In this instance, the clock detection circuit 5 
shown in FIG. 1 may be replaced by a detection circuit 
which can detect the periodic signal in the form of 
pulses or the periodic signal of an arbitrary waveform. 25 

Having now fully described the invention, it will be 
apparent to one of ordinary skill in the art that many 
changes and modifications can be made thereto without 
departing from the spirit and scope of the invention as 
set forth herein. 30 

Claims 

1 . A phase synchronization system, 

characterized in that it comprises: 35 

a phase synchronization section (4) including a 
phase comparator (1), a low-pass filter (2) and 
a voltage-controlled oscillation circuit (3), said 
phase comparator (1) comparing a phase of a 40 
phase reference signal inputted thereto from 
the outside with a phase of a phase synchroni- 
zation signal fed back from said voltage-con- 
trolled oscillation circuit (3) ( said low-pass filter 
(2) removing high frequency components of 45 
phase comparison information outputted from 
said phase comparator (1), an oscillation fre- 
quency of said voltage-controlled oscillation 
circuit (3) being controlled with a phase differ- 
ence signal outputted from said low-pass filter so 
(2) so that said voltage-controlled oscillation 
circuit (3) oscillates and outputs the phase syn- 
chronization signal; 

an input signal detection section (5) for detect- 
ing whether or not the phase reference signal is 55 
inputted to said phase synchronization section 
(4) and outputting input signal detection infor- 
mation of a first level; 

a phase coincidence discrimination section (6) 



for receiving, when an input of the phase refer- 
ence signal is detected by said input signal 
detection section (5), the phase comparison 
information outputted from said phase compa- 
rator (1) of said phase synchronization section 
(4), discriminating whether or not a phase error 
at said phase synchronization section (4) satis- 
fies an allowable phase coincidence require- 
ment and outputting phase coincidence 
information of a second level when it is discrim- 
inated that the phase error satisfies the allowa- 
ble phase coincidence requirement; and 
a voltage-controlled oscillation circuit stop/stop 
control section (10) for receiving, when the 
input of the phase reference signal to said 
phase synchronization section (4) stops, an 
input of the input signal detection information of 
the first level outputted from said input signal 
detection section (5) and outputting oscillation 
control signal for stopping the oscillation of said 
voltage-controlled oscillation circuit (3) of said 
phase synchronization section (4) and for 
receiving, when the phase reference signal is 
inputted to said phase synchronization section 
(4), the phase synchronization signal outputted 
from said phase synchronization section (4) 
and outputting the received phase synchroni- 
zation signal as a modified phase synchroniza- 
tion signal, which does not include a pulse 
noise signal produced by the oscillation of said 
voltage-controlled oscillation circuit (3), in 
response to the input signal detection informa- 
tion of the first level outputted from said input 
signal detection section (5) and the phase coin- 
cidence information of the second level output- 
ted from said phase coincidence discrimination 
section (6). 

A phase synchronization system as set forth in 
claim 1, characterized in that said voltage-control- 
led oscillation circuit stop/stop control section (10) 
includes a first flip-flop circuit (8) for receiving an 
input of the phase synchronization signal outputted 
from said voltage-controlled oscillation circuit (3) 
and an input of the input signal detection informa- 
tion of the first level outputted from said input signal 
detection section (5), generating stop/start control 
information for controlling the top/start of the oscil- 
lation of said voltage-controlled oscillation circuit (3) 
and outputting the stop/start control information to 
said voltage-controlled oscillation circuit (3). a sec- 
ond flip-flop circuit (9) for receiving the phase syn- 
chronization signal outputted from said voltage- 
controlled oscillation circuit (3) and the phase coin- 
cidence information of the second level outputted 
from said phase coincidence discrimination section 

(6) and producing and outputting phase synchroni- 
zation output control information, and an AND gate 

(7) for logically AN Ding the stop/start control infor- 
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mation outputted from said first flip-flop circuit (8) 
and the phase synchronization output control infor- 
mation outputted from said second flip-flop circuit 
(9)- 

5 

3. A phase synchronization system as set forth in 
claim 1, characterized in that the phase reference 
signal is a clock signal or a pulse signal of a given 
period. 

w 

4. A phase synchronization system as set forth in 
claim 1, characterized in that the phase reference 
signal is a periodical signal of an arbitrary wave- 
form. 
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